Abstract. Link-based information structures such as the web can be enhanced through the addition of hotlinks. Assume that each node in the information structure is associated with a weight representing the access frequency of the node by users. In order to access a particular node, the user has to follow a path leading to it from the root node. By adding new hotlinks to the tree, it may be possible to reduce the access cost of the system, namely, the expected number of steps needed to reach a leaf from the root, assuming the user can decide which hotlinks to follow in each step. The hotlink assignment problem involves finding a set of hotlinks maximizing the gain in the expected cost. The paper addresses this problem in the more realistic greedy user model recently introduced in [3], and presents a polynomial time 2-approximation algorithm for the hotlink assignment problem on trees.
Introduction

Motivation
Large databases containing diverse information types are often organized on the basis of a hierarchical classification index. The Web, for example, is provided with this type of organizational scheme in Yahoo [6] and the Open Directory Service [7] . A user who searches for an information item in a hierarchically structured database has to follow a path from the root to the desired node in the classification tree. The degree of this tree is often relatively low and its average depth is often high, causing the search path to be long. Another factor contributing to the length of the search path is that the classification usually does not take into account the access frequency of the items by users. This implies that the depth of certain frequently visited items in the tree may be high. Hence the access cost of the tree, defined as the expected number of steps needed to reach an item from the root, may be high.
An ad-hoc solution used in practice in the Web is to augment the tree organization with "hotlinks" added to various nodes. These hotlinks lead directly to the most frequently accessed items. The hotlinks to be added should be selected based on the access probability of the various items in the database. When searching for an item in the original tree structure, the user starts from the root and advances along tree edges along the unique path to the desired destination leaf. An implicit assumption underlying the common hierarchical approach is that at any node along the search in the tree, the user is able to select the correct link leading towards the desired leaf. Evidently, the user does not necessarily know the tree topology. However, the user usually has some general knowledge about the domain, and the links followed at any node are selected on the basis of the natural partitioning of the domain. Thus, when the user sees several tree edges and hotlinks at a node, the user is capable of selecting the right link downwards in the tree.
With hotlinks added, the situation is more involved, since the resulting hotlink-enhanced index structure now becomes a directed acyclic graph (DAG), with possibly more than one path to some destinations. Again, it is assumed that when faced with a hotlink in the current page, the user will be able to tell whether or not this hotlink may lead it to a closer point on the path to the desired destination. However, the hotlink selection process is not known to the user. Subsequently, while at a particular node, the user knows only the hotlinks emanating from that node (or possibly also hotlinks emanating from nodes previously visited by it on the way from the root to the current node). In particular, the user cannot know whether any hotlinks emanate from descendants of the current node, or where such hotlinks may lead.
This implies that any approach taken for designing a hotlink-enhanced index structure must take into account certain assumptions regarding the user's search policy. Two models have been considered concerning user capabilities. One natural model, referred to as the "clairvoyant" user model, captures situations where the user somehow knows the entire topology of the enhanced structure. This model is based on the following assumption. The clairvoyant user model: At each node in the enhanced structure, the user can infer from the link labels which of the tree edges or hotlinks available at the current page is on a shortest path (in the enhanced structure) to the desired destination. The user always chooses that link.
This model appears to be too strong to be considered realistic. An alternative model recently proposed in [3] is based on the assumption that the user does not have this knowledge. This forces the user to deploy a greedy strategy.
The greedy user model: At each node in the enhanced structure, the user can infer from the link labels which of the tree edges or hotlinks available at the current page leads to a page that is closest in the original tree structure to the desired destination. The user always chooses that link.
In this paper we address the optimization problem of constructing a set of hotlinks that achieves a maximum improvement in the access cost. The problem has been given an exact algorithm on trees in the greedy user model in [3] , but the complexity of that algorithm might be exponential in the depth of the tree, hence it yields a polynomial time solution only for trees of logarithmic depth. In the clairvoyant user model, the problem has been given a polynomial time 2-approximation algorithm on arbitrary trees [4] . Unfortunately, this algorithm
